INTRODuCTION
One of the leading places in the total volume of production and consumption of plastics belongs to polyvinyl chloride (PVC). However, an important factor holding back the use of plasticised PVC materials is their fire hazard. When they burn, composite PVC materials and products containing plasticisers are characterised by high smoke formation and a high flame propagation rate, and therefore one of the most important problems is to lower their fire hazard [1] . In practice, the required combinations of properties is achieved by introducing different fireproofing agents into the composition of the composites. As effective fireproofing agents, aluminium and magnesium hydroxides are used most widely, the fireproofing efficiency of the hydroxides being directly proportional to their content in the polymer [2, 3] .
In comparison with aluminium hydroxide, the enthalpy of breakdown of magnesium hydroxide is almost 20% higher. Their initial breakdown temperatures also differ: 250°C for aluminium hydroxide and 330°C for magnesium hydroxide [4] . The best variant for improving the fire safety of PVC material is the use of a mixture of the given fireproofing agents. Meanwhile, the introduction of these fireproofing agents can have a considerable influence on the physicomechanical properties and thermal stability of the polymeric material [5, 6] . Of special importance is the study of the effect of aluminium and magnesium hydroxides on the thermal stability of PVC materials, as the given polymer breaks down fairly readily under heat loads [7] .
In connection with the above, to optimise the formulations of PVC composites, it is of interest to study the effect of using a mixture of aluminium and magnesium hydroxides on the physicomechanical, processing, and service properties of plasticised PVC materials.
EXPERIMENTAL
The effect of a mixture of aluminium hydroxide and magnesium hydroxide on the physicomechanical, fire safety, and processing properties was studied on a model plasticised PVC composite of the following composition: PVC S 7059M 100 parts; DOP 66 parts; TOSS 6 parts; DPP 0.4 parts; calcium stearate 1.9 parts; fireproofing agents 0-50 parts.
To obtain a homogeneous mixture, the components of the PVC composite were stirred in a laboratory mixer for 30 min. Films were obtained on a laboratory mill at a temperature of 165°C over a period of 10 min.
The main criteria chosen for assessment of the physicomechanical properties of the plasticised PVC materials were the tensile strength and elongation at break, the criteria used for fire safety were the oxygen index (OI) and the coefficient of smoke formation under conditions of burning and smouldering, and the criteria used for the processing properties were the melt flow index and the thermal stability.
The time of thermal stability of the PVC was determined from the time of the induction period of change in colour of the indicator Congo Red on the release of HCl during ageing of the PVC (180°C) according to GOST 14041-91.
The dehydrochlorination rate was determined during heat exposure of polymer specimens from the amount of HCl released by the method of continuous dehydrochlorination in a gas carrier (air) flow in a Wartman reactor.
The melt flow index (MFI) of the composite was determined at T = 190°C and under a load of 10 kg on an IIRT-1 instrument according to GOST 11645 (Plastics).
The OI was determined according to GOST 21793-76, and the coefficient of smoke formation under conditions of burning and smouldering was determined according to GOST 12.1.044 in a smoke chamber.
The physicomechanical properties of the plasticised PVC films were determined by standard procedures.
In the present work, use was made of specimens of aluminium hydroxide (Framial-03) and magnesium hydroxide (Framiteks 02-97) provided by the Geokom CJSC ( Table 1) .
RESuLTS AND DISCuSSION
Comparative results of tests of plasticised PVC materials, obtained using aluminium and magnesium hydroxides, and also their mixtures in different ratios, indicate that the physicomechanical properties and the MFI of the polymer specimens have no significant differences ( Table 2) . This is possibly due to the roughly identical and fairly high degree of dispersion of the tested fireproofing agents.
From the data in Table 3 it can be seen that, from the viewpoint of improving the fire safety properties of plasticised PVC materials, more effective is the use of a mixture of aluminium and magnesium hydroxides in a ratio of 1:1. Here, the OI increases by 1-2%, and the coefficient of smoke formation during burning decreases (variant 3).
The relationship between the fire safety properties of plasticised PVC materials and the temperature of breakdown of the hydroxides entering the composition of the polymer composite is evident. The combined use of aluminium and magnesium hydroxides having different breakdown temperatures ensures a broadening of the temperature range of action of the fireproofing agents, and they cool the area of burning more effectively.
The most interesting results were obtained in a study of the effect of aluminium and magnesium hydroxides on the thermal stability of plasticised PVC composites ( Table 4) .
It was established that, on the whole, the indicated fireproofing agents promote an increase in the thermal stability of plasticised PVC materials (variants 2 to 9 and 11 to 13). In all cases, comparatively, higher results are shown by plasticised PVC materials produced using a mixture of aluminium and magnesium hydroxides (variants 3 to 5, 9, and 12). It is known that the main chemical transformations occurring during the degradation of PVC and accordingly having an adverse effect on their quality are the processes of HCl elimination and macromolecule structure formation.
The increase in the thermal stability of plasticised PVC material with the introduction of aluminium and magnesium hydroxides is possibly due to fulfilment by the fireproofing agents of a combined function: the binding of hydrogen chloride and the removal of formed hydrogen chloride from the system by adsorption.
In the formulations of filled PVC composites, use is generally made of lubricants which promote weakening of the destructive action of the mechanical stresses arising during high-temperature processing. Experimental data indicate that the effectiveness of the stabilising action of the fireproofing agents is influenced by the nature of the lubricant used in the PVC composite. A considerable increase in thermal stability is observed when calcium stearate or stearic acid is present in the composite (variants 2 to 9). The maximum thermal stability of plasticised PVC material is achieved by introducing a mixture of aluminium and magnesium hydroxides in a mass ratio of 1:1 together with calcium stearate (variant 4). In the presence of polyethylene wax, the obtained plasticised materials have comparatively lower thermal stability (variants 11 to 13).
The appearance of synergism with respect to thermal stability when a mixture of aluminium and magnesium hydroxides is used in the presence of stearic acid or calcium stearate indicates the realisation of a known mechanism, namely the inhibition of the growth rate of polyene sequences in the macrochains of the polymer by replacement of the labile chlorine atoms in the PVC by coordination-saturated metal (in the present case, aluminium) stearate formed in situ [7] .
During the thermo-oxidative degradation of the polymer in an air atmosphere, the introduction of aluminium hydroxide into the PVC increases the rate of breakdown of the polymer, evidently by the catalytic effect of the aluminium chloride formed (Figure 1) . Individually, magnesium hydroxide hardly affects the process of thermal elimination of HCl. In the case of the combined use of aluminium and magnesium hydroxides in a ratio of 1:1 in the composition of PVC composites, The results conducted on model PVC composites were confirmed by tests using real industrial formulations, in particular cable plasticised PVC of grade NGP-30-32. Under standard production conditions, specimens of cable plasticised PVC containing magnesium hydroxide, aluminium hydroxide, and a mixture of the two were tested for compliance with the requirements of TU 6-01-1328-86 (Low-flammability, plasticised PVC of type NGP).
As can be seen from the data in Table 5 , the use of a mixture of aluminium and magnesium hydroxides makes it possible to increase the OI and the time of thermal stability of the cable plasticised material.
Thus, the promise has been shown of using a mixture of fireproofing agents -aluminium and magnesium hydroxides -to improve the processing and fire safety properties of plasticised PVC materials. 
